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Louis Daniault et al. operated in conditions such that only one single transverse mode is efficiently amplified, the spatial profile of the amplified beam can be diffraction-limited. However, the high electric field associated with the long lasermatter interaction length leads to strong third-order optical nonlinearities. Therefore, in a fiber amplifier, the temporal and spectral shapes can be strongly deteriorated in an irreversible manner. The most common techniques to reduce the level of nonlinear effects consist in spreading the optical intensity both in time, using the Chirped-Pulse Amplification (CPA) technique [3] , and in space, using Large Mode Area (LMA) fibers.
For structures guiding by means of the total internal reflection mechanism, increasing the core size, other things being equal, makes the fiber multimode. This effect can be overcome by finely tuning the index contrast between the core and the cladding, for example using the microstructured fiber technology [4] . Using this technique, fibers with core of several tens of microns in diameter were produced. These fibers are however very weakly guiding structures, and are therefore very sensitive to bending-induced loss and beam distortion, hence the concept of rod-type fiber, that has led to core diameters as large as 100 µm [5] . The presence of air holes in these fibers induces practical handling difficulties for splicing, cleaving, preparing fiber facets, etc.
All-silica two-dimensional photonic bandgap fibers [6] , that can be doped with rare-earth ions, have been used recently for intra-cavity distributed spectral filtering. The inherent spectral filtering capabilities have allowed efficient amplification from an Yb-doped PBGF at either 980-nm [7] or 1180-nm [8] .
As an alternative we have recently proposed the allsolid photonic bandgap Bragg fiber (BF) design [9] . Due to its different waveguiding mechanism, this type of fiber offers a very flexible geometry for designing waveguide structures with properties such as LMA [9, 10] , polarization maintaining [11] , and low bending sensitivity [12] .
Although preliminary results using modest (20 µm) core diameter Yb-doped fibers have shown that the photonic bandgap architecture can be advantageously used in singlepass amplifiers [13] , singlemode amplification in few meter long pieces of very large core fibers is still to be demonstrated. Very recently, the selective doping of the core has proved very efficient in designing large-core singlemode fiber oscillators [14, 15] . In [14] , a 40-µm core diameter Yb-doped BF has been designed, fabricated and operated singlemode in the continuous wave (cw) oscillation regime. In the context of femtosecond pulse amplifiers, Bragg fibers can also be engineered to obtain dispersion profiles that are not dominated by the material, and adjustable wavelenth guiding range, which might prove useful to optimize amplifier architecture or suppress stimulated Raman scattering.
In the present communication, we report on nearlydiffraction limited operation of 40 µm-core Bragg fibers in a femtosecond chirped pulse amplification laser system, allowing the generation of 47 W average power 500
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High power femtosecond chirped pulse amplification in large mode area photonic bandgap Bragg fibers 3 fs pulses at a repetition rate of 35 MHz. The opticalto-optical efficiency, beam spatial quality, and nonlinearity level in our experiments are in good agreement with expected performances given the core size and already comparable with current state-of-the-art total internal reflection-based fibers. This is to our knowledge the first report of a high power fs system based on photonic bandgap active fiber, and demonstrates the great potential of this technology for further energy scaling. mode is about 60% for a 3-m long amplifier. As a conclusion, although not strictly speaking singlemode, the Bragg fiber can be operated in a large range of excitation conditions and bend radii with an essentially single transverse mode behavior.
Experimental results
Our setup, depicted in Fig. 3 , consists in a femtosecond oscillator followed by a pulse picker, a stretcher, two am- the seeded pulse energy is 10 nJ.
Polymer-coated Bragg fiber
The first amplifier stage is composed of a 1.9 m-long PCBF. The second stage is a PCBF for low power experiments and an ACBF for the high power experiment since the ACBF can be pumped with a higher-power diode owing to the larger pump core and numerical aperture. is efficient for one linear polarization only. However we clearly observed power fluctuations that we related to polarization state evolutions when the fiber was intentionally mechanically disturbed. As mentionned in the introduction, polarization-maintaining Bragg fibers can be designed [11] .
To investigate the level of nonlinearity and confirm the expected mode-field diameter of the fiber, we reduced the repetition rate of the pulse train down to 1
MHz. In these conditions, the first amplifier was used is much higher [20] , and the results obtained here constitute a proof-of-concept result. However, energy scaling is possible by using a larger stretching ratio, exploring further scaling of the core diameter, and optimizing pulse shape and CPA architecture to reduce the impact of nonlinear effects, as was done in previous research work.
Air-clad Bragg fiber
Since the output power value was pump power-limited in the first experiment, we also tried to use an ACBF in the second stage: the use of a different pump power guiding mechanism (air clad) allowed us to pump with more powerful diodes. We used a 1. low efficiency is due to non-optimal pump coupling into the fiber, and to pump absorption saturation. Figure 7a shows the pulse autocorrelation, showing a pulsewidth of 497 fs under the Gaussian shape assumption, and Fig.   7b displays the corresponding spectrum.
The spectrum was broadened to 7.5 nm FWHM due to the onset of self-phase modulation. The B-integral for this system was evaluated to be 4.8 rad. This value is lower than in the case of the 1 MHz repetition rate above, although the spectral broadening is slightly higher (7.5 nm instead of 6 nm). A slight difference in the effective areas for the ACBF and PCBF might explain this result.
Indeed, due to imperfections in the fiber fabrication process, the output beam exhibits a slight depression in the center as shown in Fig. 4b , yielding a measured M 2 value of 1.36 and 1.5 for the x and y directions respectively.
The non-ideal output mode shape is solely due to the imperfect index profile, and does not change as the pump power is increased.
Conclusion
In conclusion, we have demonstrated the first use of 
